Objective: To report a case of recurrent vitreous hemorrhage from an optic nerve retinal arterial macroaneurysm (ONRAM) successfully treated with intraoperative endolaser. Patient and Methods: A 92-year-old woman on oral aspirin and warfarin anticoagulation for atrial fibrillation developed three episodes of dense vitreous hemorrhage from an ONRAM. Due to failure of the vitreous hemorrhage to clear spontaneously, a total of three pars plana vitrectomy (PPV) procedures were performed along with a 1.25-mg intravitreal bevacizumab injection after the third episode of hemorrhage. During the third PPV procedure, a 25-gauge 532-nm green diode laser endoprobe was used to deliver low-power (100 mW) and longduration (500 ms) laser spots directly on the ONRAM to induce intraoperative shrinkage of the ONRAM. Results: After the endolaser treatment, the macroaneurysm showed involution due to fibrosis without any adverse effects on retinal circulation or visual field defect. No recurrence of vitreous hemorrhage was noted after 2 years of follow-up. Conclusion: Oral anticoagulant use may have been responsible for the atypical clinical course in our patient. Laser photocoagulation, including intraoperative endolaser photocoagulation, may be considered in selected cases of symptomatic ONRAMs.
Introduction
A retinal arterial macroaneurysm (RAM) is an outpouching of the retinal arteriolar wall within the first three bifurcations of the central retinal artery [1] . RAMs are most commonly seen in the sixth decade, have a female preponderance, and are commonly associated with hypertension and hyperlipidemia [2, 3] . The overall incidence of RAM is 1 in 4,500 individuals over the age of 40 [4] , with only 3-8% of these cases occurring over the optic nerve (ONRAM) [2, 3] . The natural history of ONRAMs is not well understood due to their rarity. ONRAMs can be an asymptomatic incidental finding [5] or can result in vitreous hemorrhage [6] [7] [8] [9] , branch retinal artery occlusion [8, [10] [11] [12] , or macular edema [13] [14] [15] [16] . To our knowledge, only five eyes in three publications required pars plana vitrectomy (PPV) for vitreous hemorrhage from a ruptured ONRAM [7] [8] [9] . In each case, vitreous hemorrhage was a one-time event and was followed by spontaneous involution of the ONRAM without any treatment. Herein, we report three episodes of dense vitreous hemorrhages from an ONRAM in a patient on oral anticoagulants.
Case Report
A 92-year-old pseudophakic female with intermediate age-related macular degeneration presented with a 1-day history of sudden loss of vision in her left eye (OS). Her past medical history included chronic atrial fibrillation, hypertension, and hypercholesterolemia. Her medications included aspirin 81 mg/day and warfarin (Coumadin ® ) with a therapeutic international normalized ratio maintained between 2 and 3. On examination, the visual acuity in the right eye (OD) was 20/30 and in OS it was light perception. Intraocular pressure (IOP) was 16 mm Hg OD and 45 mm Hg OS by Goldmann applanation tonometry. Slit-lamp examination in OD showed a well-centered posterior chamber intraocular lens, and in OS showed red blood cells in the anterior chamber and a well-centered posterior chamber intraocular lens in the capsular bag with an intact posterior capsule. Dilated fundus examination in OD showed changes of intermediate dry age-related macular degeneration, and in OS it showed a dense vitreous hemorrhage blocking the red fundus reflex. B-scan ultrasonography OS showed dense vitreous hemorrhage without retinal detachment or suprachoroidal hemorrhage. The patient was started on timolol-dorzolamide (Cosopt ® ) and brimonidine drops. Six days after initial presentation, a transconjunctival 23-gauge PPV was performed due to failure of hemorrhage to clear and persistently elevated IOP. Intraoperatively, we discovered a large pulsatile macroaneurysm over the optic nerve without any associated vitreous attachment or traction to the RAM. The patient had complete posterior vitreous detachment. The ONRAM was not treated at this time. Her postoperative course was uneventful, with improvement of visual acuity OS 2 weeks after the procedure to 20/40 and return of IOP to normal.
One month after her initial vitrectomy, the patient presented with sudden loss of vision OS due to recurrent dense vitreous hemorrhage that reduced her visual acuity to hand motions and completely obscured the view of the retina. IOP was normal. A repeat B-scan ultrasonography confirmed dense vitreous hemorrhage and showed an attached retina. A transconjunctival 25-gauge PPV was performed 5 weeks later due to failure of hemorrhage to clear spontaneously. During this vitrectomy, the pulsatile macroaneurysm over the optic nerve was unchanged and was not treated due to the well-known natural history of RAMs to involute spontaneously following their rupture [3] . Two weeks after the second PPV, the patient's OS vision improved to her baseline of 20/30, and dilated fundus examination showed clear ocular media and a large ONRAM ( Fig. 1 ).
Three weeks after her second PPV, the patient presented with a third episode of sudden loss of vision OS from a dense vitreous hemorrhage that reduced her vision to hand motions and once again completely obscured the view of the retina. IOP was normal. A repeat B-scan ultrasonography was performed and confirmed an attached retina. After obtaining informed consent, 1.25 mg/0.05 mL intravitreal bevacizumab (Avastin ® ) was administered off-label under topical anesthesia. The vitreous hemorrhage failed to clear after 6 weeks of observation and her visual acuity remained at hand motions OS. IOP remained normal, and there was no view of retinal structures during 6 weeks of observation following intravitreal Avastin injection. Discontinuation of anticoagulation was discussed, but her medical doctor advised against it. A 25-gauge PPV was performed to clear the hemorrhage. Intraoperatively, the same pulsatile ONRAM was observed and was unchanged from its initial appearance during the first PPV performed 18 weeks earlier. A 25-gauge straight endolaser probe was brought close to the ONRAM, almost touching it, and 71 laser spots from a 532-nm wavelength green diode laser (Iridex Corp., Mountain View, CA, USA) with a power intensity of 100 mW and a duration of 500 ms were applied directly to the ONRAM in a "painting" manner to gently cover the aneurysm and cause mild shrinkage.
Postoperatively, fibrosis and involution of the ONRAM were noted, with no evidence of retinal vascular occlusion ( Fig. 2a ). An intravenous fluorescein angiogram 10 weeks after the third vitrectomy showed a hypofluorescent mass over the nerve consistent with lack of blood flow within the ONRAM (Fig. 2b) . The patient maintained 20/30 vision OS without any visual field defect or optic atrophy over 2 years of follow-up, with complete fibrosis of the ONRAM despite continued use of oral anticoagulants (Fig. 3 ).
Discussion
RAMs are typically found on the first three orders of the arteriolar tree and are rarely located on the optic disc [1] [2] [3] . The differential diagnosis of a mass lesion on the disc includes granulomatous inflammatory lesions such as sarcoidosis and toxoplasmosis as well as tumors such as capillary hemangioma, astrocytoma, melanocytoma, melanoma, and metastatic tumor [10] . The diagnosis of ONRAM was established in our case by its typical orange red appearance and pulsatile nature [9] . ONRAM can be symptomatic from exudation or rupture. Compared to RAMs located outside of optic nerve, branch retinal arteriolar occlusion following rupture of an ONRAM resulting in secondary closure of distal vasculature seems to be a disproportionately common event, having been reported in 5 of 18 reported cases of ONRAMs [8, [10] [11] [12] 17] . Subhyaloid or vitreous, but not submacular, hemorrhage following rupture of ONRAMs has been reported in 8 eyes in five publications [6] [7] [8] [9] 18] . It cleared spontaneously in 3 eyes [6, 7, 18] , while 5 eyes in three publications required vitrectomy [7] [8] [9] . Spontaneous involution of ONRAM occurred in each of 8 eyes with vitreous or subhyaloid hemorrhage. One patient was treated with discontinuation of aspirin [6] . Anticoagulation status in another 7 eyes is not known. Notably, recurrence of vitreous hemorrhage was not observed in any eye. Our patient was taking both aspirin and warfarin, with a therapeutic international normalized ratio maintained between 2 and 3. Since involution of RAM is due to thrombosis within the aneurysm followed by fibrosis [3] , it is reasonable to speculate that failure of spontaneous involution of the ONRAM in our patient was most likely due to anticoagulant use.
Macular edema secondary to exudation from an ONRAM has been reported in 6 eyes of five publications. One eye was treated with focal laser of the ONRAM [14] , one with posterior subtenon steroid injection [16] , and the remaining 4 eyes resolved spontaneously [13] [14] [15] 19] .
Intravitreal anti-VEGF injections have been shown to be effective in the management of complications of RAMs [20] . Our patient was given an intravitreal bevacizumab injection after the third episode of vitreous hemorrhage, but did not show improvement after 6 weeks of observation. Whether enhanced drug clearance in a vitrectomized eye contributed to the lack of efficacy of intravitreal bevacizumab in our patient cannot be determined at this time. To our knowledge, there is no published report regarding the efficacy of intravitreal anti-VEGF injections for ONRAMs.
Laser photocoagulation of RAM, first described by Lewis et al. [21] , carries the risk of several complications, such as vascular occlusion and rupture of RAM. Laser treatment on or near the optic nerve carries an additional risk of visual field defect due to damage to the optic nerve [22] . Khan et al. [14] employed an argon green laser (100-200 μm diameter, 200 mW power, 0.1 s duration, 162 spots) delivered at the slit-lamp to successfully treat an ONRAM in a patient with worsening visual acuity due to macular edema. In our case, we utilized a 25-gauge endolaser probe under direct visualization of an operating microscope to induce shrinkage of the ONRAM, which ultimately led to its fibrosis and involution. A painting technique was used to gently cover the aneurysm using a low power of 100 mW and long duration (500 ms) setting, avoiding intense application of laser energy at any one spot, which can cause rupture of the aneurysm. Unlike universal occurrence of central or arcuate scotoma observed by Garcia-Arumi et al. [22] following laser treatment of papillary capillary hemangiomas, no field defect or optic atrophy was noted over 2 years of follow-up. The laser energy used by us and by Khan et al. [14] was considerably less compared to that employed by Garcia-Arumi et al. [22] . Experimental studies have shown that power intensity of <400 mW, 0.2 s duration, and 100 μm spot size is unlikely to damage the optic nerve even when the laser is directly applied to the nerve itself [23] . Although no intraoperative complications were noted, bleeding from rupture of RAM during endolaser treatment could have been easily managed with a temporary elevation of IOP. Thus, intraoperative endolaser treatment of ONRAMs during PPV may be a safer approach than slit-lamp-based laser delivery in the postoperative period.
To conclude, we report an unusual case of ONRAM that led to three episodes of dense vitreous hemorrhage in a 92-year-old female on oral anticoagulants. The patient failed to respond to intravitreal bevacizumab injection administered 1 day after her third episode of vitreous hemorrhage. Endolaser treatment during her third PPV led to successful fibrosis of the ONRAM with no side effects. To our knowledge, this is the only reported case of ONRAM treated with an intraoperative endolaser. Our report suggests that intraoperative endolaser photocoagulation utilizing low-power and long-duration laser applications in a painting manner may be an effective treatment strategy for selected cases of ONRAM.
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